Introduction
============

In the late 20th century, there was significant progress in stem cell research when mesenchymal stem cells (MSCs) were first identified and named ([@b1-mmr-17-01-0861],[@b2-mmr-17-01-0861]). MSCs are fibroblast-like pluripotent adult cells, which possess the following characteristics making them ideal candidates for cell-based therapy: i) Readily expanded from adult and fetal tissues; ii) multilineage capabilities (plasticity); iii) immune privileged; iv) has immunomodulatory abilities; v) releases trophic factors; and vi) exhibits homing to damaged sites ([@b3-mmr-17-01-0861]). MSCs have been successfully isolated from various tissues, including bone marrow (BM), umbilical cord (UC), adipose tissue, placenta, skin, muscle and tonsil tissues ([@b3-mmr-17-01-0861]--[@b6-mmr-17-01-0861]).

Adult tissue-derived MSCs, for example BM-MSCs, can have limitations in cell number and increase the risk of age-related changes, whereas younger tissue-derived MSCs, for example UC-MSCs, are increasing in popularity for clinical use due to their faster rate of self-renewal and higher differentiation potential. In addition, UC-MSCs share a similar gene expression profile to embryonic stem cells, but without the ethical issues and risk of tumorigenesis ([@b7-mmr-17-01-0861]--[@b10-mmr-17-01-0861]). The isolation of UC-MSCs has been performed in humans ([@b3-mmr-17-01-0861]), horses ([@b11-mmr-17-01-0861]), dogs ([@b12-mmr-17-01-0861]), pigs ([@b13-mmr-17-01-0861]), rats ([@b14-mmr-17-01-0861]) and mice ([@b9-mmr-17-01-0861]), of which mouse UC-derived MSCs (mUC-MSCs) have been reported only once.

An increasing number of studies have verified the therapeutic effects of UC-MSCs in clinical trials ([@b15-mmr-17-01-0861],[@b16-mmr-17-01-0861]) and preclinical studies, amongst which animal models are crucial in translating the *in vitro* properties of MSCs into therapeutic applications and examining mechanisms of efficacy. There is encouraging evidence from various experimental models indicating that UC-MSCs function across species barriers, including in renal ischemia-reperfusion injury ([@b17-mmr-17-01-0861]), diabetes ([@b18-mmr-17-01-0861]), Huntington\'s disease ([@b12-mmr-17-01-0861]) and mammary carcinoma ([@b14-mmr-17-01-0861]). However, studies have reported conflicting results in cross-species models, with xenogeneic MSCs showing detrimental effects ([@b19-mmr-17-01-0861]). MSCs from different tissues may exhibit different intrinsic properties. Mice and humans are the most commonly used recipient and donnor species, however, certain key effector molecules are divergent between murine MSCs (mMSCs) and human MSCs (hMSCs), including nitric oxide and indoleamine 2,3-dioxygenase ([@b20-mmr-17-01-0861]). Therefore, allogeneic MSC therapy may be more suitable for preclinical studies.

Toll-like receptors (TLRs) are considered to be an important family of conserved receptors, which mediate immune responses upon activation by pathogen components or endogenous molecules. Accumulating evidence indicates that MSCs from different species (mouse and human) express functional TLRs, and that their activation affects MSC functions, including proliferation, migration, differentiation and immunomodulation ([@b21-mmr-17-01-0861],[@b22-mmr-17-01-0861]). In addition, Waterman *et al* ([@b23-mmr-17-01-0861],[@b24-mmr-17-01-0861]) described MSC polarization into two phenotypes by TLR signaling. Specifically, TLR4-primed hMSCs (MSC1) exhibited a pro-inflammatory profile and attenuated tumor growth, whereas TLR3-primed MSCs (MSC2) expressed immunosuppressive mediators and promoted tumor growth. Few studies have investigated mMSCs and TLRs together, and whether TLR3 or TLR4 with specific ligands control mMSC functions remains to be elucidated.

To date, the most commonly used mMSCs in mouse models are mBM-MSCs. The establishment of mUC-MSCs, novel members of the mMSC bank and promising candidates for allogeneic cell therapy, may be an important platform for elucidating the cellular and molecular mechanisms of diseases ([@b9-mmr-17-01-0861]). In the present study, mUC-MSCs derived from Kunming mice were successfully isolated and expanded using a novel method and culture system. The isolated cells were characterized in comparison with mBM-MSCs, and the effects of TLR3 on the expression of stemness-related proteins and cytokines in the mUC-MSCs were investigated. The results may provide novel clues for selecting ideal mMSCs in various mouse models and offer novel insights into the role of TLR3 as a regulator of mUC-MSCs.

Materials and methods
=====================

### Mice

Breeding pairs of Kunming mice were purchased from the Laboratory Animal Research Center of Jiangsu University (Jiangsu, China). The total number of mice used in the present study was 12 and the ratio of males to females was 3:1 per cage (age, 8 weeks old; weight, 21 g; 9 males; 3 females). All animals were housed at 20--26*°*C with a relative humidity of 40--70%; the feeding box was 1--2°C higher than the environment, with 5--10% humidity. A 12-h light/dark cycle was also used and they had free access to food and water. Experimental procedures involving animals were approved by the Institutional Animal Care Committee of Jiangsu University and performed in strict accordance with the guidelines and regulations.

### mUC-MSC isolation and expansion

Fresh mouse UCs were aseptically collected from Kunming mice at a gestational age of 15--19 days. The collected UCs were rinsed with phosphate-buffered saline (PBS) containing penicillin and streptomycin. The washed tissues were mechanically cut into small sections (0.5--1.0 mm^3^) and suspended in Dulbecco\'s modified Eagle\'s medium: F-12 nutrient mixture (F12/DMEM; Hyclone Laboratories; GE Healthcare Life Sciences, Logan, UT, USA) containing 15% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U penicillin and streptomycin. The tissue sections, together with culture medium, were seeded into 3.5 mm cell culture dishes (Corning Incorporated, Corning, NY, USA) and incubated at 37°C in humidified air with 5% CO~2~. The medium was replaced every 3 days, and the non-adherent tissues and cells were removed. When well-developed colonies of heterogeneous primary cells had formed at 9--12 days, the attached cells were trypsinized using 0.25% trypsin-EDTA (Invitrogen; Thermo Fisher Scientific, Inc.) and passaged. The first passage was performed at a ratio of 4:1-2:1, followed by successive passages at a ratio of 1:1-1:2 for early passages (passages 3--5), with medium being replaced every 2 days. The homogenously fibroblast-like cell populations appeared following five passages. mUC-MSCs at passage numbers 7--12 were used for the follow-up experiments.

### Isolation and expansion of mBM-MSCs

The mBM-MSCs were isolated and cultured using protocols recommended previously ([@b4-mmr-17-01-0861]). Briefly, 4--6 week old male mice (weight, \~30 g) were sacrificed and fresh bone marrow cells were harvested by flushing the femurs with PBS, and cultured in low glucose DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 15% FBS at 37°C in humid air with 5% CO~2~. Following the initial 3 days, culture medium replacement was performed once every 3 days. On reaching confluence, the cells in colonies were trypsinized and subcultured. MSCs at passages 15--18 were used for biological characterization.

### Flow cytometric analysis

For surface marker analysis, the MSCs were detached and stained with anti-mouse monoclonal antibodies for 30 min at 4°C, including PE-conjugated CD11b (cat no. 12-0112-82; eBioscience, San Diego, CA, USA), CD44 (cat no. 553134), CD45 (cat no. 553081); FITC-conjugated CD29 (cat no. 561796), and CD34 (cat no. 560238; BD Pharmingen, San Diego, CA, USA). The labeled cells were analyzed using flow cytometry (FACSCalibur; BD Biosciences, San Jose, CA, USA). PE-IgG and FITC-IgG were used as controls; for all antibodies, 1 µl antibody was added to 2.5×10^5^ cell suspension in 200 µl PBS. The analysis of the DNA content of the MSCs was performed as described above. The cell pellets were incubated in propidium iodide on ice for 30 min. The percentages of cells in the G0/G1, G2/M and S phases were analyzed using flow cytometry using BD CellQuest™ Pro software (BD Biosciences).

### Growth curve analysis

The MSCs were seeded in 24-well plates (5.0×10^3^ cells/well) during the logarithmic growth phase. The number of cells per well was counted for 7 days using an inverted microscope (Nikon Corporation, Tokyo, Japan), and the procedure on each day was repeated three times.

### Osteogenic and adipogenic differentiation in vitro

To induce osteogenic differentiation, the MSCs were seeded at 4×10^4^ cells in 3.5 cm culture dishes, and cultured in osteogenic induction medium consisting of F12/DMEM or low glucose-DMEM with 15% FBS and osteogenic supplements (10^−8^ M dexamethasone, 10 mM β-glycerophosphate and 50 mg/l ascorbic acid; Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) at 37°C, with the medium replaced every 3 days. The cells were induced for four cycles, and then subjected to alkaline phosphatase staining, which was observed using a light microscope (Nikon Corporation).

To evaluate adipogenic potential, MSCs at a density of 2×10^5^ cells/dish were cultured in adipogenic induction medium A and B consisting of F12/DMEM or low glucose-DMEM with 15% FBS. Medium A was supplemented with 1 µM dexamethasone, 200 µM indomethacin and 2 µM insulin (Sigma-Aldrich; Merck Millipore) whereas medium B was supplemented with 2 µM insulin. Medium A was replaced every 3 days, followed by maintaining in medium B for 1 day. The cells were induced for two cycles, and then identified using Oil red O staining, which was observed using a light microscope (Nikon Corporation).

### Polyinosinic:polycytidylic acid \[poly(I:C)\] treatment of mUC-MSCs cell cultures

The TLR3-specific ligand, poly(I:C) was purchased from Sigma-Aldrich; Merck Millipore (cat no. P1530) and prepared according to the manufacturer\'s protocol. The cells were seeded at a density of 1.2×10^5^ cells or 1.0×10^5^ cells/well, respectively, in 6-well plates. The following day, medium was added either with or without poly(I:C). The treatment was continued for 24 h (1.2×10^5^ cells) or 48 h (1.0×10^5^ cells). The concentrations of poly(I:C) used were 0, 10, 25 and 50 µg/ml.

### RNA extraction, reverse transcription-polymerase chain reaction (RT-PCR) and RT-quantitative PCR (qPCR)

Total RNA was extracted from the cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse transcribed into cDNA using the HiScript First-Strand cDNA Synthesis kit (cat no. R122-01; HiScript^®^ Q RT SuperMix; Vazyme, Piscataway, NJ, USA) according to the manufacturer\'s protocol. Total RNA (0.5 µg) was mixed with 2 µl of 5X qRT SuperMix, and the thermocycling conditions were as follows: 25°C for 10 min, 50°C for 30 min and 85°C for 5 min. The RT-qPCR mixture contained 10 µl of the SYBR-Green^®^ Master Mix (2X; Bio-Rad Laboratories, Inc., Hercules, CA, USA) and 1 µl of cDNA; the total volume was increased to 20 µl with ddH~2~O. The primer powder was fixed to the bottom of a 96-well plate and 20 µl of the PCR mixture was added to each well. RT-qPCR was performed using the CFX96 real-time instrument (Bio-Rad Laboratories, Inc.) and the thermocycling conditions were as follows: 95°C for 5 min, followed by 40 cycles of 95°C for 15 sec, annealing for 15 sec and 72°C for 20 sec, and then a 65--95°C drawing dissociation curve. The sequences of the specific primers and the annealing temperature used for each are listed in [Table I](#tI-mmr-17-01-0861){ref-type="table"}. The expression of each gene was defined from the threshold cycle and the melting temperatures were recorded. The relative changes in mRNA expression were analyzed using the 2^−ΔΔCq^ method ([@b25-mmr-17-01-0861]). β-actin was used as an internal control.

### Western blot analysis

The cells were lysed and homogenized in RIPA buffer supplemented with protease inhibitors. Protein concentration was determined using a Bicinchoninic Acid Protein Quantification kit (CWBIO, Beijing, China), according to the manufacturer\'s instructions. Total proteins (50 µg) were loaded on a 12% SDS-PAGE gel, followed by electrophoresis and transfer onto a PVDF membrane (EMD Millipore, Billerica, MA, USA). The sources and dilution ratios of primary antibodies were as follows: GAPDH (1:2,000; cat no. CW0100A; CWBIO), sex determining region Y-box 2 (Sox2; 1:500; EMD Millipore), octamer-binding transcription factor 4 (Oct4; 1:200; cat no. sc-101534), Nanog (1:500; cat no. sc-293121) (both from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and Spalt-like transcription factor 4 (Sall4; 1:500; cat no. ab31968; Abcam, Cambridge, UK). All primary antibodies were incubated overnight at 4°C. The goat-anti-rabbit IgG (for Sox2) and goat-anti-mouse IgG (for GAPDH, Oct4, Nanog and Sall4) horseradish peroxidase-conjugated secondary antibodies were purchased from CWBIO (dilution 1:2,000; cat nos. CW0103 and CW0102, respectively). All secondary antibodies were incubated for 1 h at 37°C. The antigen-antibody complex was visualized using Immobilon Western Chemiluminescent HRP substrate (EMD Millipore).

### Luminex assay

Following pre-treatment with poly(I:C) for 24 or 48 h, the mUC-MSCs were washed and sequentially cultured in complete medium for another 48 h. The supernatants were collected and centrifuged at 500 × g and 4°C for 10 min to remove cell debris. A mouse cytokine/chemokine magnetic bead panel kit (cat no. MCYTOMAG-70K-12; EMD Millipore) was used to detect granulocyte colony stimulating factor (G-CSF), interferon-γ (IFN-γ), interleukin (IL)-1β, IL-6, IL-10, IL-15, IL-17, chemokine (C-X-C motif) ligand 10 (CXCL10), vascular endothelial growth factor (VEGF), and tumor necrosis factor-α (TNF-α) in the prepared supernatant. All procedures were performed according to the manufacturer\'s protocol. The final detection and analysis were performed using the Luminex 200 system (EMD Millipore).

### Statistical analysis

All data are presented as the mean ± standard deviation. The statistical significances between two groups were analyzed using Student\'s t-test, whereas the differences among multiple groups were determined using one-way analysis of variance with GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). A Tukey\'s post hoc test was used for multiple comparisons using SPSS version 20 (IBM Corp., Armonk, NY, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Isolation of mUC-MSCs from mouse UC

During the initial 24--48 h, the primary cells migrated out of the explants and adhered to the plastic surface, exhibiting heterogeneous morphology. At \~3--5 days post-seeding, the cells began to form colonies ([Fig. 1Aa](#f1-mmr-17-01-0861){ref-type="fig"}). The well-developed colonies were trypsinized and passaged at a high density into a new cell culture dish. Following serial subculturing, a relatively homogeneous population of mUC-MSCs was observed at passages 5--7 when the purified cells exhibited spindle- or polygonal-shaped appearance ([Fig. 1Ab](#f1-mmr-17-01-0861){ref-type="fig"}), which was similar to that of mBM-MSCs ([Fig. 1Ac](#f1-mmr-17-01-0861){ref-type="fig"}). No morphological changes were observed within 20 passages.

### Comparison of growth characteristics between mUC-MSCs and mBM-MSCs

The mUC-MSCs and mBM-MSCs showed S-shaped growth curves ([Fig. 1B](#f1-mmr-17-01-0861){ref-type="fig"}). During the successive 7 days, the two types of cell exhibited a lag phase for 1 day and then moved into the logarithmic phase, when cells expanded rapidly. On day 6, the cell counts of the two cell types reached their peak, followed by a plateau phase. The number of mUC-MSCs increased at a slower rate, compared with that of the mBM-MSCs. Similar results was observed in the cell cycle analysis. The DNA contents showed that the population of proliferating cells in the mUC-MSCs (S+G2/M; 21.38%) was smaller compared with that in the mBM-MSCs (S+G2/M; 43.56%), although the subset of quiescent cells in the mUC-MSCs and mBM-MSCs (G0/G1; 78.62 and 56.44%, respectively) accounted for the predominant population ([Fig. 1C](#f1-mmr-17-01-0861){ref-type="fig"}). Taken together, the mUC-MSCs possessed lower proliferative potential, compared with the mBM-MSCs.

### Expression of surface antigens and stemness-related proteins in mUC-MSCs and mBM-MSCs

The results of the flow cytometric analysis revealed that the mUC-MSCs were positive for CD29 and CD44, but negative for CD34, CD45 and CD11b, similar to mBM-MSCs ([Fig. 1D](#f1-mmr-17-01-0861){ref-type="fig"}). To evaluate the potential of mUC-MSCs for long-term culture, the cells were subjected to continuous subculture 60 times. The cells of passages 4, 10, 30 and 60 were selected for evaluating the changes in protein expression levels of Sox2, Nanog, Oct4 and Sall4. The western blot analysis showed that the expression of these proteins markedly increased as the cells were purified (P10) and then decreased progressively with passages, indicating that purified mUC-MSCs of \<30 passages were more suitable for further investigations ([Fig. 2A](#f2-mmr-17-01-0861){ref-type="fig"}). The mUC-MSCs exhibited higher expression levels of stemness-related proteins (Sox2, Nanog, Oct4 and Sall4), compared with the mBM-MSCs ([Fig. 2B](#f2-mmr-17-01-0861){ref-type="fig"}).

### Differentiation potential of mUC-MSCs and mBM-MSCs

As the mUC-MSCs exhibited significant differences in stemness-related proteins, compared with mBM-MSCs, the present study hypothesized that the two cell lines may have different differentiation potentials, particularly in adipogenic and osteogenic differentiation. Notably, the induction periods were shortened due to the higher efficiency of mBM-MSCs. Although both the mUC-MSCs and mBM-MSCs were capable of differentiation into adipocytes or osteocytes, the former exhibited markedly lower potential for adipogenesis, as shown by positive staining of Oil red O ([Fig. 3Aa](#f3-mmr-17-01-0861){ref-type="fig"}) and the RT-qPCR analysis showing significantly lower mRNA levels of adiponectin in the differentiated mUC-MSCs, compared with those in the differentiated mBM-MSC ([Fig. 3Ab](#f3-mmr-17-01-0861){ref-type="fig"}). The same was true for osteogenesis, as shown by Oil red O ([Fig. 3Ba](#f3-mmr-17-01-0861){ref-type="fig"}) and the mRNA expression of runt-related transcription factor 2 (Runx2; [Fig. 3Bb](#f3-mmr-17-01-0861){ref-type="fig"}) being significantly lower in the differentiated mUC-MSCs, compared with those in the differentiated mBM-MSCs. These data indicated that mUC-MSCs possessed lower differentiation potential, compared with the mBM-MSCs.

### Poly(I:C) enhances the expression of Sox2, Oct4 and Nanog in mUC-MSCs

It has been reported that poly(I:C) treatment can affect the migration, cytokine induction and immunosuppressive function of human MSCs ([@b26-mmr-17-01-0861],[@b27-mmr-17-01-0861]). However, the effect of poly(I:C) on mUC-MSCs remains to be elucidated. In the present study, the results of the RT-PCR analysis confirmed the expression of TLR3 in mUC-MSCs ([Fig. 4A](#f4-mmr-17-01-0861){ref-type="fig"}). To examine the effect of poly(I:C) on the levels of stemness-related proteins of mUC-MSCs, the cells were cultured with different doses of poly(I:C) for 24 or 48 h. As shown in [Fig. 4B](#f4-mmr-17-01-0861){ref-type="fig"}, the mUC-MSCs in groups containing 10 or 25 µg/ml poly(I:C) exhibited higher levels of Sox2, Oct4 and Nanog, compared with those in the control, whereas poly(I:C) at 50 µg/ml either failed to enhance the expression of these proteins (24 h) or increased their expression to a lesser extent (48 h).

### Poly(I:C) promotes the expression and secretion of inflammatory cytokines in mUC-MSCs

Previous studies have indicated that TLR activation in MSCs can trigger the production of downstream cytokines. Therefore, a luminex assay was performed in the present study to determine the content of several inflammatory cytokines in the supernatants from mUC-MSCs pre-treated with poly(I:C), termed poly(I:C)-mUC-MSCs, including G-CSF, IFN-γ, IL-1β, IL-6, IL-10, IL-15, IL-17, CXCL10, VEGF and TNF-α. As shown in [Fig. 5A](#f5-mmr-17-01-0861){ref-type="fig"} (24 h) and [Fig. 5B](#f5-mmr-17-01-0861){ref-type="fig"} (48 h), IL-6 and CXCL10 were secreted at high levels and upregulated in the supernatants from the poly(I:C)-mUC-MSCs. In terms of concentration, 50 µg/ml poly(I:C) pre-treatment markedly increased the secretion of CXCL10, compared with that in the control, whereas IL-6 was altered to a lesser extent. To further confirm the enhanced production of IL-6 and CXCL10, RT-qPCR analysis was used to determine the mRNA levels. It was found that the upregulation of IL-6 and CXCL10 were in accordance with the luminex assay data. CCL5 showed the most marked upregulation in mUC-MSCs pre-treated with 50 µg/ml poly(I:C); IL-8 was increased only in the mUC-MSCs pre-treated for 48 h ([Fig. 5C](#f5-mmr-17-01-0861){ref-type="fig"}).

Discussion
==========

MSCs are considered the primary cell source for stem cell-based therapeutics. The use of UC-derived MSCs are increasing in popularity due to their unique properties. In preclinical studies, mMSCs have been most commonly used to establish experimental models, and transplantation of cross-species MSCs (i.e. human MSCs) remains the primary therapeutic method. However, xenogeneic immune responses may complicate the host cell responses ([@b9-mmr-17-01-0861]) and further challenge the ability of MSCs to function across species barriers. In consideration of allogeneic transplantation mimicry and mMSC deficiency, the present study successfully isolated MSCs from mUC using a novel method.

There are two primary methods to harvest MSCs, either from the whole UC or their compartments, including Wharton\'s jelly, cord lining, umbilical blood vessels and the perivascular region. These are the classic explant method and the enzymatic digestion method ([@b7-mmr-17-01-0861]). Although the comparison between these two methods remains controversial, the former has been shown to be superior, with which plastic-adherent MSC-like cells were isolated from human gastric cancer tissues and adjacent non-cancerous tissues, and from hUC-MSCs ([@b28-mmr-17-01-0861],[@b29-mmr-17-01-0861]). In the present study, an MSC strain was obtained from the whole UC using an modified explant procedure and F12-containing media, which were referred to as mUC-MSCs according to previous reports ([@b7-mmr-17-01-0861],[@b10-mmr-17-01-0861]). The purified cells, which met the criteria of the International Society for Cellular Therapy ([@b30-mmr-17-01-0861]), exhibited a fibroblast-like appearance, expressed typical surface antigens, differentiated into osteoblasts or adipocytes, and were maintained in a quiescent state, as indicated by the high proportion of cells in the G0/G1 phase. In addition, the expression of stemness-related proteins, including Sox2, Nanog, Oct4 and Sall4, were enhanced in purified mUC-MSCs and gradually decreased with passages, indicating their stemness maintenance ability during long-term culture. The abovementioned data suggested that the modified method used in the present study to isolate and culture mUC-MSCs, free from chemical injury and with the addition of nutritional factors, is efficient, reliable and cost-saving.

Although mMSCs can be derived from various tissues ([@b4-mmr-17-01-0861]), BM remains the most commonly used tissue source. MSCs from BM are limited in terms of cell number, whereas MSCs account for the predominant stem cell population in the UC ([@b10-mmr-17-01-0861]). Therefore, investigation of the characteristics of mUC-MSCs relative to the 'gold standard' cell source of mBM-MSCs was required. The present study found that mBM-MSCs under the adherent method required a longer duration for purification, of at least 13 passages. The two cell populations presented with similar morphology and, to a certain extent, surface antigen profile. With the exception of the five essential markers, it has been reported that the differential expression of SSEA-4, LNGFR, CD56 and CD146 can distinguish hUC-MSCs from hBM-MSCs ([@b31-mmr-17-01-0861]). The growth curve assay and DNA content analysis in the present study indicated that mUC-MSCs possessed a lower proliferative potential, compared with the mBM-MSCs. However, similar comparison within hMSCs showed the opposite result, namely that hUC-MSC showed optimal proliferation, which may due to certain abundant genes involved in cell proliferation ([@b7-mmr-17-01-0861],[@b32-mmr-17-01-0861],[@b33-mmr-17-01-0861]). To compare the protein expression levels between mUC-MSCs and mBM-MSCs, the present study focused on stemness-related proteins, including Sox2, Nanog, Oct4 and Sall4. The results revealed that the levels of these proteins were higher in the mUC-MSCs, suggesting that the cells were primitive stem cells ([@b10-mmr-17-01-0861],[@b33-mmr-17-01-0861]). The present study found that mUC-MSCs presented with markedly lower adipogenic and osteogenic differentiation efficiencies, which was in accordance with previous reports involving human and enquine MSCs ([@b11-mmr-17-01-0861],[@b32-mmr-17-01-0861]--[@b34-mmr-17-01-0861]). The present study is the first, to the best of our knowledge, to report on the similarities and differences between mUC-MSCs and mBM-MSCs, and indicated that the reasonable selection of mMSCs be made based on their own advantages and the relevant models. Considering the differences, further investigations are required to clarify the respective mechanisms.

Previous studies have confirmed that MSCs express functional TLR3 and that its activation regulates MSC functions ([@b22-mmr-17-01-0861]--[@b26-mmr-17-01-0861]). The present study confirmed the presence of TLR3 in mUC-MSCs, in accordance with mBM-MSCs ([@b22-mmr-17-01-0861]). Subsequently, a preliminary experiment was performed to determine the effect of poly(I:C), the TLR3 agonist, on mUC-MSCs. The enhanced expression of stemness-related proteins (Sox2, Oct4 and Nanog) was observed in the poly(I:C)-treated mUC-MSCs, which was similar to the data from a previous study suggesting the potential involvement of TLR3 in stemness maintenance of MSCs ([@b35-mmr-17-01-0861]). As TLR signaling is closely associated with inflammatory cytokines, the secretion and mRNA levels of several cytokines were detected in the mUC-MSCs treated with poly(I:C). The results showed that the levels of IL-6, CXCL10, CCL5 and IL-8 were markedly upregulated. According to previous repots, these cytokines may be involved in immune modulation and cancer progression ([@b23-mmr-17-01-0861],[@b24-mmr-17-01-0861]).

In conclusion, the present study focused on a novel cell line of MSCs from mouse UC using a novel method. This, to the best of our knowledge, is the first demonstration of comparative analysis of mUC-MSCs and their responses to TLR3 activation. It was found that the mUC-MSCs exhibited MSC-like characteristics and shared similarities with mBM-MS, however, they exhibited differences in purification, proliferation, stem cell markers and differentiation. Poly(I:C) increased the expression of stemness-related proteins and inflammatory cytokines. Further investigations are required to confirm the manifestation and investigate the underlying mechanisms. The results of the present study provide novel evidence for the selection of mMSCs and offer further insight into the role of TLR3 in the regulation of mMSCs.
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![Morphology, growth, surface antigens and cell cycle of MSCs derived from mUC-MSCs and mBM-MSCs. (A) Appearance of mUC-MSCs and mBM-MSCs at passages (a) 0, (b) 10 and (c) 17 (magnification, ×40; scale bar, 100 µm. (B) Growth curves of mUC-MSCs and mBM-MSCs. (C) Flow cytometric analysis of surface markers CD29, CD44, CD34, CD45 and CD11b in mUC-MSCs and mBM-MSCs. (D) DNA contents of mUC-MSCs and mBM-MSCs. mUC, mouse umbilical cord; mBM, mouse bone marrow; MSCs, mesenchymal stem cells; CD, cluster of differentiation.](MMR-17-01-0861-g00){#f1-mmr-17-01-0861}

![Stemness-related proteins in mUC-MSCs and mBM-MSCs. Western blot assay for the expression of Sox2, Nanog, Oct4 and Sall4 in (A) mUC-MSCs during long-term culture and (B) mBM-MSCs. mUC, mouse umbilical cord; mBM, mouse bone marrow; MSCs, mesenchymal stem cells; Sox2, Sex determining region Y-box 2; Oct4, octamer-binding transcription factor 4; Sall4, Spalt-like transcription factor 4.](MMR-17-01-0861-g01){#f2-mmr-17-01-0861}

![Adipogenic and osteogenic differentiation of mUC-MSCs and mBM-MSCs. (A) mUC-MSCs and mBM-MSCs were cultured in adipogenic induction medium for two cycles, followed by (a) Oil red O staining and (b) RT-qPCR analysis of mRNA levels of adiponectin. (B) mUC-MSCs and mBM-MSCs were cultured in osteogenic induction medium for four cycles, followed by (a) alkaline phosphatase staining (magnification, ×100; scale bar, 100 µm) and (b) RT-qPCR analysis of mRNA levels of Runx2 (\*\*\*P\<0.001). mUC, mouse umbilical cord; mBM, mouse bone marrow; MSCs, mesenchymal stem cells; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; Runx2, runt-related transcription factor 2.](MMR-17-01-0861-g02){#f3-mmr-17-01-0861}

![TLR3-specific ligand poly(I:C) increased the expression of stemness-related proteins in mUC-MSCs. (A) Reverse transcription-polymerase chain reaction analysis of the expression of TLR3 in mUC-MSCs. (B) Western blot analysis for the expression levels of Sox2, Nanog and Oct4 in mUC-MSCs pre-treated with 0, 10, 25 and 50 µg/ml poly(I:C) for 24 or 48 h. mUC, mouse umbilical cord; mBM, mouse bone marrow; MSCs, mesenchymal stem cells; poly(I:C), polyinosinic:polycytidylic acid; TLR3, Toll-like receptor 3; Sox2, Sex determining region Y-box 2; Oct4, octamer-binding transcription factor 4.](MMR-17-01-0861-g03){#f4-mmr-17-01-0861}

![Poly(I:C) induces cytokine production in mUC-MSCs. A luminex assay of the levels of 10 cytokines in the supernatants from mUC-MSCs pre-treated with poly(I:C) for (A) 24 h or (B) 48 h, including G-CSF, IFN-γ, IL-1β, IL-6, IL-10, IL-15, IL-17, CXCL10, VEGF and TNF-α. (C) Reverse transcription-quantitative polymerase chain reaction analysis of mRNA levels of IL-6, IL-8, CCL5 and CXCL10 in mUC-MSCs treated with poly(I:C) for 24 or 48 h. \*\*\*P\<0.001 and \*\*P\<0.01, vs. control group. mUC-MSCs, mouse umbilical cord mesenchymal stem cells; G-CSF, granulocyte colony stimulating factor; IFN-γ, interferon-γ; IL, interleukin; CXCL10, chemokine (C-X-C motif) ligand 10; VEGF, vascular endothelial growth factor; TNF-α, tumor necrosis factor-α; CCL5, chemokine (C-C motif) ligand 5; poly(I:C), polyinosinic:polycytidylic acid.](MMR-17-01-0861-g04){#f5-mmr-17-01-0861}

###### 

Primer sequences of target genes.

  Gene          Primer sequence (5′-3′)        Fragment size (bp)   Annealing temperature (°C)   mRNA accession no.
  ------------- ------------------------------ -------------------- ---------------------------- --------------------
  TLR3          F: GAGGTTGACGCACCTGTTCT        281                  60                           NM_126166
                R: GCTGCAGTCAGCTACGTTGT                                                          
  Runx2         F: AGCCTCTTCAGCGCAGTGAC        183                  63                           XM_006523541
                R: TGTTGTTGCTGCTGCTGTTG                                                          
  Adiponectin   F: AGGAGATGCAGGTCTTCTTG        146                  58                           NM_009605
                R: CACTGAACGCTGAGCGATAC                                                          
  IL-6          F: AAGTCCGGAGAGGAGACTTC        487                  58                           NM_031168
                R: TGGATGGTCTTGGTCCTTAG                                                          
  IL-8          F: GGCTGTCCTTAACCTAGGCATCT     257                  63                           NM_011339
                R: GGTCCTCAGGTAGGAACCTGTTAGT                                                     
  CCL5          F: CATATGGCTCGGACACCAC         145                  62                           NM_013653
                R: CACACTTGGCGGTTCCTTC                                                           
  CXCL10        F: GCTGCAACTGCATCCATA          113                  57                           NM_021274
                Rev: CATCGTGGCAATGATCTC                                                          
  β-actin       F: CACGAAACTACCTTCAACTCC       265                  56                           NM_001017992
                R: CATACTCCTGCTTGCTGATC                                                          

F, forward primer; R, reverse primer; TLR3, Toll-like receptor 3; Runx2, runt-related transcription factor 2; IL, interleukin; CCL5, chemokine (C-C motif) ligand 5; CXCL10, chemokine (C-X-C motif) ligand 10.

[^1]: Contributed equally
